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CONTRIBUTION OF CHARGE SEPARATION TO TRIPLET  STATE 















• Carbon dioxide emission—from fossil fuels only—up by 1.6% per annum from 2007 to 20171
• The rise in concentration of atmospheric CO2 causes increase in atmospheric temperature and 
drastic global climate changes
3
US greenhouse gas emissions in 2017 measured in metric tons2
1. Dudley, B. BP Statistical Review of World Energy 2018
2. U.S. Environmental Protection Agency (EPA) 2019
Reaction Pathways for Photosensitization
4
Reductive photocatalysis cycle3
• The photosensitizer S absorbs light from the sun 
resulting in electronic excitation S*
• The excited photosensitizer accepts an electron 
from a sacrificial electron donor D and 
undergoes a reduction to form S ̅
• The reduced photosensitizer then undergoes a 
second electron transfer to a nearby catalyst and 
returns to the ground state





• Inter-ligand electron transfer has been observed 
in some complexes of zinc dipyrrin in polar 
solvents in previous studies.4,5
• In a polar medium, the charged complex in its 
excited state forms a dipole-dipole interaction 
with solvent molecules leading to effective 
stabilization of charges.6
• Charge-separated state is susceptible in the 
polar setting promoting intersystem crossing to 
the triplet state and longer deactivation 
lifetimes. 
hv
Behavior of homoleptic zinc dipyrrin 
complexes solvents of varied polarities4
4. Trinh et al., 2014
5. Sazanovich et al., 2004
6. Filatov, 2020
Objectives
The objectives of this research project are to: 
a. Synthesize dipyrrin complexes of boron and zinc
b. Characterize complexes using analytical techniques like NMR, mass spectroscopy, 
and elemental analysis. 
c. Measure and compare the initial photophysical properties of boron dipyrrin (BODIPY) 
and zinc dipyrrin (Zn(DIPY)2) complexes such as fluorescence quantum yield in 
solvents of variable polarities and low temperature emission.









Pictures of lab procedures and products
Zinc complex frozen under liquid 




1H NMR of Zinc dipyrrin complex (Zn(DIPY)2)
1H NMR of Boron dipyrrin complex (BODIPY)
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Normalized Emission Spectra for ZnDIPY
n-HEXANE TOLUENE CHLOROFORM
ETHYLACETATE THF DCM

















Normalized Absorption Spectra for BODIPY















Normalized Emission Spectra for BODIPY











• [Ru(bpy)3]Cl2 in aerated water was 
used as standard for analysis, 
Φstd = 0.04
• Quantum yield of complexes are in 
order of solvent polarity (from non-
polar to most polar
• Solvent polarity has no influence 
on BODIPY
• On Zn(DIPY)2, the quantum yield 
decreases accordingly as solvent 
polarity increasesError bars represent the margin of error with data shown 

































• Analysis was done under low temperature using liquid nitrogen to crystallize samples
• Fluorescence is the emission of light from the singlet excited state to the singlet ground state




• The research seeks to address non-renewable fuel extinction and CO2 emission problems through 
reductive photocatalysis
• BODIPY was used as control experiment
• The % yield of Zn(DIPY)2 ranged from 4.4% to 12.9% while BODIPY saw a yield of about 25%
• Absorption spectra of BODIPY saw a red shift compared to that of Zn(DIPY)2
• Emission spectra and low temperature spectra  of BODIDY are independent of solvent polarity, 
Zn(DIPY)2 on the other hand obtained emission between 650nm and 750nm in CH2Cl2 and in 
propionitrile-butyronitrile for the emission spectra and low temperature spectra respectively
• There was a decrease in fluorescence quantum yield in Zn(DIPY)2 as solvent polarity increased. 
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Future work
• Repetition of low temperature emission analysis
• Transient absorption of complexes
• Interpretation of results
16
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